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IJuaerical ana lys i s  has been applied t o  t h e  study of r ap id  
f luc tua t ions  of the 3ar th ' s  magnetic f i e l d  (llpearlstt).  !-le hzve s tudied  
both, the cor re la t ion  between the o s c i l l a t i o n s  thinselves ,  211s t h a t  
between t h e i r  envelopes: 

1. -Conparison of the phases of two col;lponents, perpendicular 
t o  the same point (Lovozero, USSR) shows, t h a t  t he  o s c i l l a t i o n s  of dif- 
f e r e n t  frequencies, coiposing the  beatings,  hF.ve e l l i p t i c a l  polariza- 
t ions,  of which the major a x e 6  are d i f fe ren t .  

2.- Study of the  same conponents st two s t a t i o n s ,  d i s t a n t  by 
1100 k m  (Lovozero a n d  Borok, USSR), has shown t h a t  the two phenomena 
me i n  phase. 

geomagnetically con jugate regions (Borok and Kerguelen) , i t  is impossible 
t o  f ind  any in-phase cor re la t ion  between the two signals. 

3.- "hen the same method is apTlied t o  r e g i s t r a t i o n s  of two 

4.- There e x i s t s ,  however, a coaplete s imi l i tude  between the 

envelopes of  received o s c i l l a t i o r s  i n  two geomagnetically conjugate 
regions, the only difference being a ce r t a in  time lag between the two 
ma-xima, approximately equal t o  the half-period of repet i t ion.  

The results w e  still too sczrce  t o  allow f o r  a 

e x p l a a t i o n .  - /&p>t:c; 
* Caract6r is t iques e s s e n t i e l l e s  de la s t r u c t u r e  des o s c i l l a t i o n s  
en per les  dans des rsgions g6omap4tiquement conjugtries 
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I. - IN T R O D  U C T I  O N  -- 

Simultaneous registr*Ztions of the Zarth 's  magnetic f i e l d  were 
undertdcen zt Rerguelen Islands and i n  Soviet  Union, at the  beginning 

of 1964, Setween two geonagnetically conjugate regions. Phase compcri- 

8ons were m;de s t  the I n s t i t u t e  of T e r r e s t r i a l  Physics in Hoscow; they 

concerned the r eg i s t r a t ions  of the &- coxponent a t  Kerguelen (@ = 6B0 8, 

-4 = 1280 E) cznd a t  Sorok (@ = 520K, A = 1230E) and of two &-and % -compo- 
r e n t s  of Lovozero (@ = 620N, A = 127OE) InCeed, whaterver the type of o sc i l -  
l a t i o m ,  the two c o j p n e r - t s  of the na tu ra l  nagnetic f i e l d  seldom have ana- 
gous forms. This can probably be explained i n  the case of the so-called 

%rreguliCF" disturbances by s h a p  var ia t ion  i n  time of frequencies of 
observed osc i l l a t ions ,  whereas i n  czse of "pearls", or P C 1  according t o  

the new c l a s s i f i c - t i o n  c11, this is due t o  the existence of two or more 
waves of d i f f e ren t  frequencies, whose azimuths do not coincide. Although 
these wave have very close frequencies, they will be denoted in the  follow- 
i n g  by the term "harmonic"*. These, two or three i n  number, were ascer ta in-  
ed with the help of a sonogrzph-type of sepctrum analyzer c2, 31. However, 
the sonogras obtained do not  allow t o  determine the  character  of polari- 
zat ion of these "hmonics t ' ,  so that f o r  this study one appl ies  a r a t h e r  
s inp le  var iant  of cor re la t ion  analysis. 

11. - I.IETHOD OF -ALYSIS 

Thiz ana lys i s  is based upon the hypothesis t h a t  the  frequencies 
of harmonics me the same for ezch coxnponent. One may then repreeent these 
components by two functions X and Y,such 26 

with 
a, # # 6, # bs - q l i t u d c s  of h.monic6 
"e # 0 1  Pulsations of Earmonics 
at. av, BZ1 B1 I n i t i a l  phases of harmonics 

* The term tthamonictl,  which we use t o  avoid any confusion with the word 
"conponent", used elsewhere, denotes a harmonic o s c i l l a t i o n  and not an 
o s c i l l a t i o n  of multiple frequency of a fundamental. 
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One may notice  t h a t  f o r  (% -?101) cocprised between 0.8 S and 4 s  
rads'l we f ind  the  pulsation6 '5u pearls" usual ly  observed and whose period 

is 2% T =  
%- 0 1  

varying between 2.5 and 0.5 seconds. 

Oz%bsb, 

The cor re la t ion  fac tor  between the  two components X and Y depend8 
on the  value of amplitudes 
one or severa l  recurrence periods and f o r  in-phase harmonice (at = %,pa= b.1, 
i t  is 

For an analysis interval equal t o  

But i n  the general case,al l  the i n i t i a l  phases a re  d i f f e ren t  
@a # % b f PI). The cor re la t ion  f ac to r  then depends only on the  rat ios  

6. 6. - and -, but a lso  on the differcnces of Fhase : 
az a. 

= a,, - ~ r ,  a d  A$ = ?* - pv- 

It is equal t o :  

b, I v  
cos Aa -+ - - COS A9 

fl2 cr, r =  

\//(I +$) (1 +5)  . 
The coef f ic ien t  grows when the phase difference AP approaches 

zero (or 2g 1 f o r  every value of 4 s  and when Ar approaches zero or 2s 
for every value of bp. 
r e l a t i o n  function of functions X and Y o f f e r s  a maximum when the two 
phase angles r e l a t i v e  t o  a same harmonic are equal. To study t h i s  correla- 
t ion  function, we postulate  : 

Thus, when the phase angles vary in tine, the cor- 

& = w e A t  a d  A P , = w ~ A ~ .  

I n  t h i s  case we have 
f = t(At). 
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This co r re l a t ion  function depends on the  r a t i o  of frequencies 

Do and w1. As an example, we p lo t t ed  in Fig. 1 the  curves r = r ( A t )  

f o r  

and 

\ 

The i n i t i a l  phzscs of harmonics ( these  curves1 parameters) are 

a) Aa = 0, 
6 )  Aa = 0, 
c) Aa = 0. 

A$ = 0, 
A$ = ~ 1 4 ,  
A$ = 742. 

The envelope of the extreme values t h a t  the  func t ion  of co r re l a t ion  

can = s u e  for a given value 03 the  r a t i o s  - h and 5, and f o r  every value 
of f requencies  is p lo t t ed  in dashes. 

czr 

b) In  order  t o  achieve t h i s  a n a l p i s t w e  u t i l i z e  the  ordinates of 
the  r e g i s t r a t i o n s  on paper (see Fig.4)' taken at  regular  and equal  time 
i n t e r v a l s  A t ,  f o r  exaqple, at the s i x t h  of the  o s c i l l a t i o n  period. The 
continuous curve obtained r = r ( A t )  and the sine curve S (At). This  is 

shown by a dashed l i n e  i r i  F i g . 2 .  The easy t r a n s i t i o n  from one curve t o  

the o the r  and  the s m a l l  exye r imnta l  s h i f t s  j u s t i f y  these approxisations. 

I I I . - C O R R ~ T I O N  BLTWEEN BOROK AND LOVOZERO 

For Borok a 1 2  Lovozero we coaputed the co r re l a t ion  funct ions bet-  

ween the two co~ponen t s  & s t a r t i n g  from r e g i s t r a t i o n s  e f f ec t ed  on 24 Feb- 

ruary 1964 between 0902 h r s  and  43.5 sec.  and 1030 h r s  and 48sec. The 

t r a n s i t  ve loc i ty  is 5 GM per second. F igs  2a and 3a represent  these  cor- 
r e l a t i o n  funct ions coaputed over t i n e  i n t e r v a l s  of d i f f e r e n t  durations.  

It m q  be seen from these f i g u r e s :  

- t h a t  the  co r re l a t ion  function has 2 maximum maximorum f o r  At E O .  

Thus there  is no phase l a g  between the received signals (%*thin 0.1 sec. 

l i x i t s )  desp i te  the dis tance of 1100km separa t ing  these s t a t ions .  



- t h a t  the cor re la t ion  function maximum is near 1 in the c s e  of a 

s ing le  pea r l  (Fig.2a) 

3.3). The first r e s u l t  means t h a t  the amplitude r a t i o  of hannanics on the 
coaponent & is the same a t  Looozero and Borok. The decrease of the cor- 
r e l a t i o n  f e c t o r s  as a function of time i n t e r v a l  accretion, upon which ana- 
l y s i s  has bearing, is linked with the presence of an a l i e n  f i e l d  i n  the 
v i c i n i t y  of beat nodes, the signal not being there  exact ly  zero, as may be 
seen in Fig .4 .  

and decreases when the time i n t e r v a l  increases  (Fig. 

0.6 1 
gh 02'45' 50" 5 5'. 03'0W 05' 09' 

Fic.1,  - Theoretical  cor re la t ion  
f ac to r  between the two components 
of an zlectromagn3tic f i e l d  com- 
posed of two waves, having d i f fe -  
r e n t  frequencies and i n i t i a l  phase 

(See t e x t  f o r  de f in i t i on  of annot.) 
angles, 

Fig.&. - 
t r a t i o n s  of Borok and Lovoeero. 

Reproduction of the Regis- 
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Pi-_.. 2. - Sxperimental correlation factor between : a) the same 
con?on?nt z t  two points distant by 1100 km; b) t w o  orthogonal 

cozponentc, at the same point. 

1V.- C O R R E L A T I O N  
BETWED TWO PERl'ZNDICULQR CO;*lPOIVi!RfS 

Similar calculations were effected for two perpendicular compo- 

nents % and H of Lovozero during the same periode. The curvee obtained 
a r e  represented in r'igures 2b and 3b. They show: 

the Lovozero beatings, are polarized e l l i p t i c a l l y .  

9 

- that there is no m a x k u m  f o r  A t  = 0. Thus, the harmonics composing 



7. 

- t h a t  the  maxima of the co r re l a t ion  f a c t o r s  a re  considerably smaller 
than the  uni ty;  the  e l l i p s e s '  major axes we or ien ted  a t  var ious d i rec t ion6  

and i t  is possible  t h a t  the e c c e n t r i c i t i e s  may a lso  be d i f f e ren t ,  Moreover, 

t he  noncoincidence of  amplitude m a x h  shows t he  v m i a t i o n  in time of t he  
pzrameters of po la r i za t ion  e l l i p ses .  

I 

I 

t 2% iw. 4. lWJ 

Hx LOVOZ8rO 

H, Borok i 
STBUCTURE DES O S C I ~ T I O N B  BIN PEBLES 

r 

$: 

Fi :  3. - Z-xTerimentd co r re l z t ion  f a c t o r  between : 
a) t h e  sane cori9omnt a t  t v o  p o l n t s  d i s t a h t  a t  l l O O 3 s l ? ;  
b)  two coqonents ,  or thogonzl  2t thi sane po5.2t. 

V-1 Osc i l l a t ions  
The saae aetfiod has been appl ied  t o  r e g i s t r a t i o n s  a t  Borok and 

Kerguelen, s t a t i o n s  s i t u a t e d  i n  regions geomagnetically conjugate. 



a) The o s c i l l a t i o n  periods were determined with a precis ion t o  0.1 

sec. by cz lcu la t ing  fo r  each of the points  the autocorrelat ion funct ion 

f o r  the time i n t e r v a l  from 09 30 
February 1964. One may see i n  F i g . 5  t h a t  the  maxima of these t w o  func- 
t i ons  take place f o r  the  same value A t  = l e 7  sec, which is the  dominant 

period of osc i l l a t ions .  

hrs 19" t o  09 30hrs 50 seconds of 24 

24.11.64 

O d b d " l 9 "  0$3d"SO* b) The correlat ion f ac to r s  f [ A t )  

between the  conponents H, at 1.0 

0.8 

0.6 

0.4 

0.2 

Kerguelen and at Borok over the 
time i n t e r v a l  from 0916 hrs 29 
sec. t o  0918 hrs 00 sec. of 24 
February 1964 do not allow t o  
determine the phase difference of 

osc i l la t ions .  Indeed, the correla- 

t i on  f a c t o r s  obtained are zlways 
small (&Om1 t o  t0.2). Thus, i t  
seems t h a t  there is no correlz- 

t ion  of phase between the osc i l -  
l a t i o n s  received a t  two conjugate 

-0.2 

-0.4 

-0.6 

W 

-1.0 

points.  However, the analysis period. 
is too shor t  f o r  t h a t  conclusion 
t o  be accepted as final. 

Fit. 5. - Autocorrelation functions 
of signals at Borok and iCerguelen 

V-2.-Trzins of Oscil lations.  

The period and phase determinations of t t t r a i n s  of pearls" in con- 
jugate zones is l inked with the explanation of the mechanism of pearl gene- 
r a t i o n  and propagztion C53. We j u s t  saw t h a t  the phase cor re la t ion  of the 
o s c i l l a t i o n s  themselves does not provide any pos i t ive  re8ul t .  But t he  same 
method can be ap2lied t o  the envelope of the  t%cain of pearls:' 
done. 

which was 

a) Fig. 6b represents  the autocorrelat ion functions f (At) for 
envelopes of the t r a i n s  of pearl6 of 17 February 1964 from 2258 t o  2310 

houre, reg is te red  a t  Borok and Kerguelen, They determine the periods of re- 
currence, a l l  equal zmong themselveg and of 120seconde' value. 
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Pig, 6 , -  Correlation functions (fig. 6a) and autocorrelation ( f ig .  6b) 
of envelopes of signals received at  Kerguelen on 17 Febr.1964. 
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FIG. 7. - FOIIO~~OIU de o o ~ ~ a t i o n  (fie. 7 4  et ~ a u t m o ~ a t i o n  (w. 76) entre lea end- 

Fig 7. - Functions of correlation (fig. 7a) and  of 

0- ragp. 
Lwaero et Kexgden le 24 f6vriex 1964. 

aUtOCOrrelatiOn (Fig. 7b) 
between the envelopes o f  s i  a ls  received at  Lovozero 

and Kerpe Y en 
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b) The corre la t ion  function was conputed for the envelopes of the 
(Fig, 6a). There is no m a x b u m  f o r  bt = 0. However, 

At = O  again in- 
same t r a i n s  of pear l s  
the presence of two very c l ea r  maxima on e i t h e r  s ide  of 

d i ca t e s  the equal i ty  of repet i t ion(recnrrence)  a t  two s t a t i o n s  and the  posi- 
t i o n  of these maxima allows t o  determine the dephasing between the trains. 
In t h i s  case, the a s p e t r i c  shape of the  cor re la t ion  function is evidence 

t h a t  a train of pear l s  appears a t  Kerguelen 70 seconds a f t e r  the correspond- 
ing t r a i n  a t  Borok, and t h a t  t h i s  phenomenon recurs  50 seconds l a t e r  at 

Borok. This, incidental ly ,  does not in any way oppose the conservation of 
periods a t  both s ta t ions .  This asymmetry appears also in the r e s u l t s  of 
znalysis  by means of E: sonograph, though i t  is not mentioned by the authors, 

but the precis ion of measurements by t h a t  method iS 
than those of the cor re la t ion  method [7]. 

far more uncertain 

c )  The same analysis was carried out on pear l s  reg is te red  on 
24 r'ebruary 1964 from 1048  t o  1100 hours a t  Lovozero and Kerguelen (see 
Fig. '7b), as for t h i s  example, the zutocorrelat ion functions axe more 6-0 

1 z z  a t  these two s t a t i o n s  than between Kerguelen and Borok. This shows 
t h a t  notion of magnetic conjugation is subject  t o  var ia t ions  i n  time for 
t h i s  type of phenomena too, which i t  would be i n t e r e s t i n g  t o  study. 

The existence here of a symmetric signal (dephasing exact ly  equal 

t o  hal f  r epe t i t i on  period -he re  of 155 seconds) and of an asymmetric one 
is indicated more c l ea r ly  i n  the Fig, 7a. 

VI. - C O N C  LU SION 

The existence of a phase displacement between the trains of pear l s  

has been recent ly  ascertained expr imenta l ly  C33, [5], [6J. But i t  would 
be necessary t o  ver i fy  the noncorrelatiom of o s c i l l a t i o n s  themselves for 
conju ate zones (See V-1 b). It should also be mentioned t h a t  theasyxmetzy 
c P 6  c e r  t i c s  t h a t  emerge through t h i s  method of analys is  cannot be generalized 

over two e x a p l e s .  Thus an aggregate theory can not be elaborated on the 
b a s i s  of these p a r t i a l  r e s u l t s .  

* * *  
Follows a vote of thank&. 

T H E  E N D  
Received on 1Oct.1964. 
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